Introduction
============

Mucormycosis is an uncommon, life-threatening infection caused by filamentous fungi of the order *Mucorales* and class *Zygomycetes*. These ubiquitous organisms can be found in bread mold, soil, manure, and decaying vegetation. Along with candidiasis and aspergillosis, mucormycosis is one of the primarily opportunistic invasive mycoses that frequently develop in immunocompromised patients who have received hematopoietic stem cell or solid organ transplantations or who have hematologic malignancies \[[@B1]-[@B4]\]. Moreover, mucormycosis can occur in immunocompetent patients with diabetes mellitus, subcutaneous tissue injury, and iron overload \[[@B5]\], and who are undergoing deferoxamine therapy \[[@B6]\]. The site of infection varies, and can occur in the lungs, the skin and soft tissue, the rhino-orbito-cerebral region, and the gastrointestinal tract. Mucormycosis infection may also appear as a disseminated disease that infects more than one noncontiguous site \[[@B4]\].

The mortality rate depends on the patient\'s underlying diseases and the infection site \[[@B7]\]. Treatment strategy involves timely diagnosis, aggressive surgical debridement combined with high-dose amphotericin B, and reversal of underlying predisposing factors whenever possible \[[@B8]\]. Factors associated with poor outcome have not been well defined. In addition, the only published data available on mucormycosis in Korea consists of case reports. Therefore, we conducted a retrospective study to specifically evaluate clinical predictors of outcome in patients with mucormycosis.

Materials and Methods
=====================

This retrospective study was performed at the Asan Medical Center, a 2,700-bed tertiary care teaching hospital in Seoul, Korea. The pathology database was electronically searched to identify all cases of mucormycosis from patients admitted between April 1996 and November 2012. Data was collected on patients\' demographics, underlying conditions, concomitant immunosuppressive medications, laboratory data, radiologic findings, clinical features, antifungal treatment, surgical procedures, and outcomes.

Patients were included in the study if they met the criteria for proven invasive mucormycosis based on the revised definitions of invasive fungal disease of the European Organization for Research and Treatment of Cancer/Mycosis Study Group (EORTC/MSG) \[[@B9]\]. A diagnosis of mucormycosis was based on histopathological demonstration of broad, ribbon-like, wide-angled branching, non-septate hyphae even in the absence of positive cultures, and accompanying tissue invasion by fungal hyphae \[[@B10], [@B11]\]. The mucormycosis genus was determined by morphological examination of conidia, hyphae, and whole colonies.

Infection sites were classified as rhino-orbito-cerebral, pulmonary, gastrointestinal, cutaneous, or disseminated mucormycosis. The rhino-orbito-cerebral involvements were classified as rhinocerebral, sino-orbital, or isolated sinusitis \[[@B4]\], while the pulmonary infections were subcategorized into potentially resectable cases and definitively non-resectable cases. The day of diagnosis was defined as the day on which a procedure (biopsy, surgery, or culture) leading to a mucormycosis diagnosis was conducted. The outcome was assessed by 180-day all-cause mortality after a diagnosis of invasive mucormycosis.

Data were analyzed using IBM SPSS for Windows (version 19.0; IBM Corp., Armonk, NY, USA). Categorical variables were analyzed using either the Chi-square test or Fisher\'s exact test. Continuous variables were analyzed using the Student\'s *t*-test or Mann-Whitney *U*-test, as appropriate. The primary objective of the study was to identify independent predictors of 180-day mortality in invasive mucormycosis. Therefore, a Cox proportional hazards regression model for multivariate analyses was built using a forward stepwise method. Covariates with a *P* \< 0.2 were used in the stepwise method. All tests were 2-tailed and differences were considered significant when *P* \< 0.05.

Results
=======

1. Patient characteristics and clinical outcomes
------------------------------------------------

During the study period, 64 patients with histologically proven invasive mucormycosis were identified. Mycological diagnosis was performed in only 7 patients (11%); 4 patients were infected with *Rhizopus* species (6%) and 3 patients were infected with *Mucor* species (5%). The median age was 59 years (nterquartile range \[IQR\], 50-67), and 32 patients (50%) were male. The majority of patients had an underlying disease (63/64, 98%), the most common of which was diabetes mellitus (67%), followed by hematologic malignancy (22%) and solid cancer (19%). The most common infection site was the rhino-orbito-cerebral area (36 cases, 56%), followed by the lung (20 cases, 31%) and the gastrointestinal tract (4 cases, 6%). All 64 mucormycosis patients received antifungal therapy; the majority of patients (57/64, 89%) received amphotericin B (conventional or liposomal) as the first-line antifungal agent. Surgery was performed on 46 patients (46/64, 72%), with complete removal of the infected site in 22 cases (22/46, 48%). In cases of rhino-orbito-cerebral mucormycosis, surgical debridement was performed in 89% (32/36) of the patients, and the majority was for rhino-cerebral lesions (17/19), followed by sinusitis (12/14) and sino-orbital lesions (3/3). Eight patients (8/20, 40%) received surgical resection for pulmonary mucormycosis. The 180-day all-cause mortality after diagnosis of invasive mucormycosis was 33% (21/64).

2. Risk factors for mortality
-----------------------------

Demographic and clinical characteristics of the 43 surviving patients and the 21 patients who died within 180 days after diagnosis of invasive mucormycosis are listed in [Table 1](#T1){ref-type="table"}. Gastrointestinal (2% vs. 24%, *P* = 0.01) and disseminated mucormycosis (0% vs. 14%, *P* = 0.03) were less common in surviving patients than in patients who did not survive. Complete surgery was done more commonly in surviving patients than in patients who did not survive (44% vs. 14%, *P* = 0.04), while incomplete surgical removal (28% vs. 57%, *P* = 0.046) was more common in patients who did not survive. Cases with pulmonary mucormycosis were also more common in survived patients than in patients who died (40% vs. 14%, *P* = 0.08).

Univariate analysis was performed using a Cox proportional hazards model to determine clinical variables significantly associated with 180-day all-cause mortality ([Table 2](#T2){ref-type="table"}). Our analyses revealed that gastrointestinal mucormycosis (*P* = 0.02) and disseminated mucormycosis (*P* = 0.01) were significantly associated with mortality. In subsequent multivariate analysis ([Table 3](#T3){ref-type="table"}), disseminated infection was independently associated with an increased risk of 180-day mortality (hazard ratio \[HR\]: 169.74, 95% confidence interval \[CI\]: 6.41 to 4492.64; *P* = 0.002). Pulmonary infection (HR: 0.08, 95% CI: 0.01 to 0.66; *P* = 0.02) and complete surgical removal of lesions (HR: 0.12, 95% CI: 0.02 to 0.64; *P* = 0.01) were associated with improved survival at 180 days post-diagnosis.

Discussion
==========

This study suggests that the greatest risk for mortality from invasive mucormycosis was associated with disseminated infection, and complete surgical removal of the infection site or pulmonary infection was associated with decreased mortality.

Mucormycosis is rare but often highly fatal. Our results show the mucormycosis mortality rate to be 33%, which is lower than the previously reported rates in mucormycosis (44-80%) \[[@B4], [@B7], [@B12]-[@B14]\]. This may be explained the differences in patients\' characteristics, resectable lesions of infection site, and therapeutic strategies. In the present study, the proportion of patients with diabetes mellitus as an underlying disease was much higher than in other recent reports (67% vs. 17-23%) \[[@B12], [@B13], [@B15]\], whereas the frequency of patients with underlying hematologic malignancy was lower (22% vs. 44-50%). Since rapid correction of underlying predisposing factors is critical to outcomes, a relatively higher proportion of patients with more easily controlled diabetes mellitus than hematologic malignancy, could have a favorable effect on outcomes in our cases. Additionally, compared to the previous epidemiologic studies (44-61%), a large proportion of patients in this study (72%) underwent surgery as part of therapy \[[@B4], [@B12], [@B13]\], which may have contributed to relatively high survival rates in our patients. Many patients had more resectable lesions and tended to undergo aggressive surgical debridement despite deep or multiple lesions. Among 36 patients with rhino-orbito-cerebral mucormycosis, 14 patients had isolated sinusitis with more resectable lesions; 89% of the patients (32/36) received surgical management. Twelve patients out of 20 with pulmonary mucormycosis had potentially resectable lesions and 2 patients out of 8 patients with definitively non-resectable lesions received surgical management.

Several previous studies have investigated risk factors for mucormycosis \[[@B4], [@B7], [@B12], [@B13]\]. In agreement with our results, Roden et al. \[[@B4]\] reported disseminated infection to be an independent risk factor for increased mortality (odds ratio \[OR\]: 11.2, 95% CI: 5.79 to 21.73). They found, however, that pulmonary infection presented a relatively lower 180-day mortality rate (15%, 3/20) and was associated with greater survival (HR: 0.08, 95% CI: 0.01 to 0.66). Spellberg et al. \[[@B7]\] reported that the 90-day mortality rate for patients with pulmonary infection was 75% (6/8). Pulmonary involvement was associated with lower Kaplan-Meier survival compared to non-pulmonary infection (pulmonary \[n = 8\] vs. non-pulmonary \[n =12\]). The reported survival differences could be explained by more resectable lesions in our study population, which may have contributed to the favorable outcomes of pulmonary involvement in our study (180-day mortality rate of potentially resectable, 8% \[1/12\] vs. definitively non-resectable, 25% \[2/8\]; *P* = 0.54). Except for the frequency of surgical intervention, no underlying medical conditions were significantly different between potentially resectable lesions and definitively non-resectable lesions. Considering the relatively small number of patients with pulmonary mucormycosis in our study, further investigation with larger study populations is required to delineate the relationship between pulmonary involvement and mortality in mucormycosis.

Effective mucormycosis treatment is challenging, involving extensive debridement, high-dose amphotericin B, and correction of any underlying diseases \[[@B4], [@B13], [@B16]\]. Our study indicates that complete removal of infected lesions significantly improves outcomes (HR: 0.18, 95% CI: 0.03 to 1.05). Roden et al. \[[@B4]\] also reported surgery to be associated with a decreased risk of mortality (OR: 0.24, 95% CI: 0.15 to 0.37). Similarly, the mortality rate in pulmonary mucormycosis patients treated with both surgery and antifungal agents was 11%, significantly lower than the 68% mortality rate for patients treated with only antifungal agents (*P* = 0.0004) \[[@B14]\]. These results suggest that extensive debridement of infected tissue may be necessary to minimize mortality. In contrast to previous reports, we did not find amphotericin B to be associated with survival (HR: 3.08, 95% CI: 0.41 to 22.96). Further, because amphotericin B was used in the majority of patients that received an antifungal agent (89%), we could not evaluate the comparative effectiveness of various antifungal agents.

Our study has several limitations. First, the study was performed at a single center. Second, our study was based on retrospective observation, which limits the amount and type of information that could be gathered. Third, the number of cases of mucormycosis identified by culture was small (7/64; 11%), so associations between mucormycosis genus/species and mortality could not be evaluated.

Despite these limitations, our results suggest that patients with mucormycosis had reduced mortality risk if they had a pulmonary infection, if their infection was not disseminated, and if extensive and complete surgical debridement of the infected tissue was performed. With the increasing incidence of mucormycosis \[[@B17]\], further investigation based on data gathered at multiple centers will be necessary to characterize the prevalence and risk factors for mortality in mucormycosis.
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Comparison of clinical characteristics between patients with invasive mucormycosis who survived and died within 180 days after diagnosis
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IQR, interquartile range.

^a^Student\'s *t*-test was used.

^b^Chi-square test was used.

^c^Fisher\'s exact test was used.

^d^The immunocompromised state was verified if the patients (i) had daily administration of corticosteroids, (ii) were solid organ or hematopoietic stem cell transplant recipients, and (iii) had received treatment with chemotherapy for an underlying malignancy during the 6 months prior to hospital admission.
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Cox regression analysis with single clinical variable associated with 180-day all-cause mortality from invasive mucormycosis
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Cox regression with analysis multiple clinical variables associated with 180-day all-cause mortality from invasive mucormycosis
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